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ABSTRACT This issue in the series Current Topics in Military Tropical Medicine focuses on Q Fever. Q fever is a
zoonotic infection caused by the bacterium Coxiella burnetii. Over 150 confirmed cases have occurred among U.S.
military personnel deployed to Iraq since 2007. Acute Q fever is underdiagnosed because of a myriad of possible
clinical presentations but typically presents as a flu-like illness. The most common chronic manifestation is endocarditis.
Most providers are not familiar with the diagnosis, treatment, or appropriate follow-up of this disease. In order to
facilitate the care of patients infected with C. burnetii, the Armed Forces Infectious Diseases Society convened a panel
of experts in the field to develop practical guidelines for those caring for infected patients. The recommendations and
rationale are reviewed in this article.

INTRODUCTION
The Armed Forces Infectious Diseases Society (AFIDS) con-

vened a consensus panel of military infectious diseases phy-

sicians, public health professionals, and laboratory experts to

address the evaluation and management of service members

with Q fever. This “AFIDS Q Fever Working Group” was

initially created in April 2008 by the Infectious Diseases

Consultants from the Army, Navy, and Air Force. Additional

participants included representatives from the U.S. Army

Public Health Command (USAPHC), the Centers for Disease

Control and Prevention (CDC), as well as Department of Defense

(DoD) Infectious Diseases clinicians with experience in treating

Q fever patients.

The following recommendations and rationale are for

patients with clinical syndromes consistent with acute Q fever

and for management and follow-up of patients with serol-

ogically confirmed Q fever. An algorithmic depiction of the

advised approach is represented in Figure 1.

CLINICAL PRACTICE GUIDELINES FOR Q FEVER IN
U.S. MILITARY

(1) The diagnosis of acute Q fever is typically made clini-

cally and confirmed with serology. If polymerase chain

reaction (PCR) is available, it provides an additional

method for diagnosis.
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(2) Acute Q fever cases should be treated with 14 days of

oral doxycycline (100 mg) twice per day. In regions

endemic for Q fever, empiric treatment with doxycy-

cline is recommended for patients with a compatible

clinical presentation as serology may be negative during

the initial presentation and there may be a delay in

receiving results from reference laboratories.

(3) Patients treated for Q fever should be referred for follow-

up testing. When possible, acute serum samples should

be obtained before initiation of empiric therapy and

stored for later evaluation. In general, patients do not

need medical evacuation from forward-deployed medical

treatment facilities, and follow-up and testing should be

performed upon redeployment.

FIGURE 1. Algorithm for management of Q fever. §Serology should be performed at the same reference lab to minimize interlaboratory variability.
¥Report confirmed cases to public health/preventive medicine office. *Note: Clinical signs or symptoms consistent with possible chronic infection (fevers,
chills, weight loss, shortness of breath, new heart murmur, elevated inflammatory markers) at anytime should prompt referral to Infectious Diseases.
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(4) Doxycycline is not indicated for an asymptomatic individ-

ual who is retrospectively diagnosed with acute Q fever

(typically as a result of diagnostic delays). Fatigue as the

sole complaint does not warrant antibiotic treatment.

Patients with a positive serology or PCR who were not

initially treated and subsequently present with objective or

subjective symptoms compatible with chronic Q fever

should be referred to Infectious Diseases for evaluation.

(5) Serologic testing should be obtained at the time of clini-

cal presentation and 4 to 6 weeks later (convalescent

samples). Patients with negative convalescent samples

should not be diagnosed with Q fever, and no further

evaluation is indicated. Patients with positive samples

should have repeat phase I and II IgM and IgG serologic

testing every 6 months and be followed clinically for

a period of 2 years or longer as the individual case may

dictate (in consultation with Infectious Diseases). If

the phase I IgG titer is still ³1:1024 by the end of the

second year, and equivalent to or greater than the phase II

IgG titer, then further serological testing periodicity

should be determined by an Infectious Diseases physi-

cian on a case-by-case basis, but should at least include

testing at 36 months from acute infection.

(6) Patients with acute Q fever should have a complete

blood count with differential, basic metabolic panel,

liver-associated enzymes test, erythrocyte sedimentation

rate, and C-reactive protein included in their initial

laboratory evaluation.

(7) Screening transthoracic echocardiography (TTE) is not

recommended for all patients diagnosed with acute

Q fever. A TTE should be reserved for patients with

acute Q fever and a known valvulopathy (e.g. bicuspid

aortic valve), cardiac symptoms, or a significant cardiac

murmur on physical exam.

(8) If a patient with acute Q fever is known to have a

significant valvulopathy or is discovered to have one

on exam, then 12 months of prophylactic therapy with

hydroxychloroquine and doxycycline can be considered

on a case-by-case basis in consultation with an Infec-

tious Diseases specialist.

(9) Patients without cardiac valvulopathy or those with

only minimal valvulopathy on echocardiography (trace/

mild regurgitation) should not receive antibiotic pro-

phylaxis though still can be treated for their acute

Q fever as clinically indicated.

(10) Medical evacuation is not recommended for the pur-

poses of obtaining a transthoracic echocardiogram

unless there are clinical signs indicating a more urgent

evaluation is indicated.

(11) If, during the follow up stage:

phase I IgG titers continue to rise above 1:1024

phase II IgG titers continue to rise but remain equal to

or lower than phase I

there is clinical evidence of inflammatory disease

then the patient should undergo transesophageal echocardiog-

raphy and whole blood PCR testing for C. burnetii (available
at the CDC). In order to centralize testing, and to avoid the

performance of any potentially unnecessary transesophageal

echocardiography, these evaluations should be managed with

or directly by an Infectious Diseases specialist.

(12) Any patient with a history of Q fever and a concern

for chronic disease should be evaluated by an Infectious

Diseases physician.

(13) All serum for Q fever testing in U.S. military service

members should be sent to the U.S. Air Force School

of Aerospace Medicine (USAFSAM) laboratory in

Dayton, OH. USAFSAM will perform the Food and

Drug Administration-approved IgM/IgG IFA. For patients

not eligible for DoD services, a commercial labo-

ratory that uses the Focus Diagnostics Q fever test or,

preferably, a reference center such as a state laboratory

or the CDC should be utilized. Follow-up serology

should be performed at the same laboratory to mini-

mize interlaboratory variability and misinterpretation

of varying results.

BACKGROUND

Q fever is an infectious disease caused by the intracellular

bacterium C. burnetii, which is typically associated with

animals (particularly cattle, sheep, and goats).1–3 The organ-

ism is excreted in feces, urine, and milk but is found in

highest concentration in birth products. Humans primarily

become infected through the inhalation of infectious aero-

sols. Direct animal contact is not required for infection as

the spore-like form of C. burnetii can persist in the envi-

ronment for months and can be airborne.1 Transmissions

through sexual contact or from the bite of infected ticks have

been reported but are rare and not considered to be signifi-

cant modes of human infection.1,4–6 C. burnetii is exception-
ally infectious making it a potential agent of biowarfare;

however, these guidelines will only address the management

of naturally acquired Q fever.

The incubation period for acute Q fever is typically 2 to

3 weeks but may vary depending on the size of the inocu-

lum.1 An estimated 60% of acute infections are asymptom-

atic. Symptomatic acute Q fever usually presents as one or

a combination of the following three syndromes: an acute

self-limited febrile syndrome (flu-like illness) of several days

to weeks with no localizing findings, pneumonia, and/or

hepatitis. Moderate to severe headache is a frequent finding

in acute disease. Other clinical manifestations include men-

ingitis, orchitis, and cholecystitis, and virtually all organ sys-

tems have been reported to be affected.1–3,7

Chronic Coxiella infection follows a very small percent-

age of acute cases and usually occurs in patients with some

level of immunocompromise or cardiac valvulopathy.1 The

median time to development of chronic Q fever was 3 months
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in one French case series,8 but can occur from a month to

years after initial infection.1,7 Manifestations of chronic

infection may include endocarditis, other endovascular infec-

tions, granulomatous hepatitis, and osteomyelitis.2,7

U.S. MILITARY Q FEVER CASES

In addition to published cases,9–18 over 150 cases have been

confirmed by the USAPHC among U.S. military personnel

serving in Iraq since 2007. An evaluation of pre- and post-

deployment sera from U.S. military personnel deployed to

Iraq and hospitalized from April 2003 to December 2004

suggested that Q fever is a significant infectious disease threat

in Iraq. Overall, 10% with diagnostic codes consistent with

acute Q fever symptoms had evidence of Coxiella serocon-

version.17 A range of clinical manifestations from pneumonia,

hepatitis, and febrile syndromes to less common presentations

of cholecystitis and meningoencephalitis have occurred.9–17

In May 2010, the CDC identified Iraq as an important

regional exposure site for C. burnetii because of the increased
number of Q fever cases among U.S. military personnel.19

DIAGNOSIS OF Q FEVER

Many physicians may be unfamiliar with Q fever, leading to

delayed diagnosis in both acute and chronic infections. The

diagnosis of Q fever, at any stage, can be difficult given the

potential reliance on imprecise, poorly standardized assays.20

Diagnostic tests for acute disease are discussed here, whereas

the approach to the diagnosis of chronic disease and appro-

priate follow-up is complex and is discussed separately.

Culture

The culture of Coxiella from blood or tissue is highly specific

for the diagnosis of Q fever, but is insensitive and poses

a significant infection risk to laboratory personnel without

proper biosecurity measures. Culture requires specialized cell

or yolk sac media which are not readily available nor com-

monly used in routine microbiological evaluations. Conse-

quently, the use of culture for the diagnosis of Q fever is

rarely done outside specialized centers.

Serology

A basic understanding of the antigenic phases of C. burnetii
is critical to interpreting the results of serologic testing.

C. burnetii exists in two antigenic forms that are determined

by changes in the surface lipopolysaccharide: phase I and

phase II. The virulent phase I is found in vivo in animals and

humans, whereas the avirulent phase II develops in vitro only

after repeated passage of the organism in cell or egg culture.3

Clinicians may be confused that phase II antibodies appear

before phase I antibodies during the course of an infec-

tion. Phase II antibodies develop at approximately 2 weeks,

and 90% of patient serum specimens are positive within

3 weeks.20 A four-fold rise in phase II IgG antibody titer

between acute and convalescent samples is used to confirm

the diagnosis of Q fever. Phase I antibodies appear later

and recurrence or persistence of high levels of phase I anti-

bodies, in combination with constant or falling levels of

phase II antibodies and other signs of inflammatory disease,

should raise suspicion of possible chronic Q fever.20 Phase I

and II antibodies may persist for months or years after ini-

tial infection.10,16,21,22

Several different Coxiella serologic methods exist for

laboratory diagnosis, including indirect immunofluorescence

assay (IFA), complement fixation test, and enzyme linked

immunosorbent assay. Most authorities consider the IFA

the gold standard.1 Although paired sera demonstrating sero-

conversion is preferred, a single sample with a phase II

immunoglobulin G (IgG) titer of ³1:200 and immunoglobu-

lin M (IgM) ³1:50 is diagnostic criteria for acute Q fever

using the French National Reference Center (NRC) IFA.1

The CDC utilizes its own (non Food and Drug Administration

[FDA]-approved) Q fever IFA. With this IFA, a phase II IgG

titer of ³1:128 is considered positive for surveillance and a

four-fold rise in titer between acute and convalescent sera

confirms acute Q fever.17,19 The U.S. Air Force School of

Aerospace Medicine (USAFSAM) is the only DoD laboratory

approved to perform Q fever serologic testing. Since the

initial consensus meeting of the AFIDS Q fever Working

Group in 2008, Military Treatment Facilities were requested

to send patient specimens for Q fever serology to USAFSAM

to minimize interlaboratory variation; however, some Military

Treatment Facilities still send specimens to commercial labo-

ratories (e.g. Quest and Labcorp). USAFSAM and these two

major commercial laboratories use the same FDA-approved

Q fever IFA manufactured by Focus Diagnostics (Cypress,

California). Specific cutoffs for IgG and IgM titer levels vary

between laboratories and reference ranges for the particular

testing method should be used when interpreting the results.

Interpretation of Serologic Results

Unfortunately, using serologic assays to diagnosis Q fever

can be problematic, and several recent studies have high-

lighted inconsistencies with the available assays. Parallel

testing of samples by the Focus Diagnostics IFA and the

French NRC IFA revealed marked differences in titer values

from several U.S. military patients with Q fever.16 A recent

study examined the concordance of serological and poly-

merase chain reaction (PCR) results for a well defined cohort

of Q fever patients by 3 separate international reference lab-

oratories.23 Patients followed for 6 years from an outbreak

had samples tested at laboratories from the United Kingdom,

France (NRC), and Australia. The laboratories used the same

microimmunofluorescence testing method with different anti-

gens and growth substrates. Surprisingly, only a 35% concor-

dance among the laboratories was reported. Ten patients had

a chronic serological profile based on U.K. results, but there

were no chronic serological profiles from the other two labo-

ratories. The authors questioned whether an “indiscriminate”

cutoff of 1:800 should be used and cautioned the use of these
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cutoffs alone to make clinical decisions.23 These studies raise

important questions regarding the validity and reliability of

serological testing for Q fever, and remind the clinician to

incorporate the patient’s clinical presentation when securing

a diagnosis and formulating a treatment plan.

Nucleic Acid Based Testing

Given the potential weaknesses of serological testing, alter-

native diagnostic assays have been developed. Real-time

polymerase chain reaction (RT-PCR) testing has been used

for diagnosis in both acute and chronic disease. RT-PCR may

detect C. burnetii DNA before serology is positive and typi-

cally becomes negative as the serologic response develops.24

In an evaluation of RT-PCR during the recent and ongoing

Dutch outbreak of Q fever, the following serum samples were

positive by PCR: 49 of 50 (98%) acute serum samples from

seronegative patients, 9 of 10 (90%) serum samples from

patients with only phase II IgM, 3 of 13 (23%) serum samples

with phase II IgM and IgG, 2 of 41 (5%) serum samples with

phase II IgM and IgG and phase I IgM, and 0 of 15 (0%)

serum samples with both IgM and IgG antibodies reactive

with both phase I and II antigens.25 The latest time point after

onset of disease at which C. burnetii DNA could be detected

was on day 17.

Hamilton et al18 reported the effectiveness of the Joint

Biological Agent Identification and Diagnostic System

(JBAIDS) (Idaho Technology, Salt Lake City, Utah) Q Fever

Detection Kit to diagnose acute Q fever. The JBAIDS sys-

tem is a portable PCR system designed for use in a forward-

deployed laboratory. Results of testing for Q fever can be

available within 4 hours. Their study examined patients

presenting to a combat support hospital in Iraq with undiffer-

entiated fever. Six of nine patients who had Q fever con-

firmed by serology had a positive PCR, and there were

no positive PCR results among 9 patients that tested sero-

negative for Q fever.

The combination of these reports suggests that PCR

is useful in confirming the diagnosis of acute disease. In

May 2011, the FDA approved the JBAIDS Q Fever Detection

Kit for the diagnosis of Q fever in designated DoD laborato-

ries. Although this is promising, it is unlikely that the assay

will be widely available for clinical use. JBAIDS-equipped

labs in forward-deployed hospitals could help differentiate

febrile illness in areas endemic for Q fever.

Detection of Coxiella DNA may be helpful in diagnosing

chronic Q fever and has been recommended in the evaluation

of suspected chronic Q fever infection.8 Whole blood

Coxiella PCR may be positive in 64% to 100% of Q fever

endovascular infections, with a reported specificity as high as

100%.26 In a long-term study of endocarditis conducted in

France, PCR on blood or serum samples was positive in 23

of 70 patients (33%) tested.27 In a follow-up of 686 patients

from the Dutch outbreak, 11 patients were diagnosed clini-

cally with chronic infection, and PCR results were positive

for 8 of these patients.28 However, 4 of the 8 had repeat tests

which were negative. Additionally, 9 patients without suspi-

cion for chronic Q fever tested positive, including 2 in dupli-

cate testing. None of the negative controls were positive, and

the authors concluded that the results may have represented

true infection or possible contamination. PCR results should

be interpreted in the context of the patient and performed

at a clinical reference laboratory.

PCR can also be used to detect Coxiella in excised valvu-

lar tissue. A positive PCR result most often represents

ongoing infection, but can rarely be associated with non-

viable organisms following treatment.27 PCR should be

performed whenever possible on excised heart valves if

Q fever is considered in the differential diagnosis.

RISK OF CHRONIC Q FEVER AND APPROPRIATE
FOLLOW-UP
The risk of developing chronic Q fever in patients with acute

Q fever has historically been believed to be near 1%, but

is reportedly increased in patients with known risk factors

to include pregnancy, immunosuppression, or known val-

vulopathy. Endocarditis is the most serious complication of

chronic Q fever, and in those with pre-existing cardiac

valvulopathy (mitral and/or aortic insufficiency and mitral or

aortic prosthesis) may be as high as 39%.29 This estimate is

based on a small number of patients at one center and has

been contested in the literature as recent studies have found

no endocarditis in similar patients.21,30

Given the uncertainty of the risk of developing chronic

Q fever, the appropriate follow-up for patients with acute

Q fever remains complicated and controversial. Current rec-

ommendations for the follow-up of patients with acute

Q fever and the diagnosis of chronic Q fever (endocarditis)

rely on serologic cutoff values that are specifically based

on the French NRC IFA. These values were based on studies

involving older patients with comorbid illness, and gener-

alizing this data to a younger, U.S. active duty military pop-

ulation is problematic. The French NRC has historically

considered a single phase I IgG titer of ³1:800 by micro-

immunofluorescence as diagnostic of chronic infection and

this cutoff has been included as one of the major Duke

criteria for the diagnosis of endocarditis.8,29,31,32 The phase I

IgG titer is usually higher than the phase II IgG in chronic

infection; however, these titers may be equivalent.33 Confus-

ingly, there have been discrepancies as to whether the cutoff

is >1:800 or ³ 1:800.1,7,8,31–35 Recent studies, including one

from the French NRC, have led to revisions of the original

recommended follow-up strategy.36

Endocarditis

In 2001, Fenollar et al29 published a retrospective review of

1,569 patients diagnosed with acute Q fever between 1985

and 2000. Twelve of these patients developed endocarditis

(0.76%), and the mean age was 60 years (range 45–74) and

all had known pre-existing valvular disease. Endocarditis was
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diagnosed by modified Duke criteria 1 to 18 months after

acute Q fever (mean 6 months) although echocardiography

revealed cardiac vegetations in only 3 of 12 patients.

To further identify risk factors for the development

of endocarditis, these investigators compared 102 patients

with Q fever endocarditis to 200 randomly selected

acute Q fever patients who did not develop endocarditis.29

Ninety-five of the 102 endocarditis cases (93%) reported

previous valvulopathy. Of the 7 patients without pre-existing

valvulopathy, 3 patients had an active lymphoma and 2 had

an active solid organ cancer at the time of Q fever endocar-

ditis. In the comparison group, only 6 of the 200 control

patients without endocarditis had previously known valvu-

lar disease. Those without endocarditis had a significantly

lower prevalence of cancer (p = 0.004) and pre-existing

valvulopathy (p < 0.001).29

This report also evaluated 31 patients with pre-existing

valvulopathies who had acute Q fever and identified

12 (38.7%) who developed endocarditis.29 The type of pre-

existing valvular disease did not influence a progression to

endocarditis. Among 8 patients who received no antibiotics,

6 (75%) developed endocarditis. For 10 patients who

received doxycycline alone (duration 2 weeks to 6 months),

5 developed endocarditis. Of the 12 patients who received

both doxycycline and hydroxychloroquine (HCQ; duration

1 month to 15 months), none developed endocarditis. Based

on these data, the authors recommended that any patient with

acute Q fever and known pre-existing valvulopathy receive

prolonged doxycycline/HCQ combination therapy in order to

prevent Q fever endocarditis.29 A duration of 12 months of

prophylactic therapy was suggested based on the longer dura-

tion (1 to 15 months) of therapy received by the patients who

did not develop endocarditis.

In 2006, Fenollar et al37 reported a case series of 3 patients

without known pre-existing valvulopathy but who developed

chronic Q fever. The first patient was a 45-year-old male

treated with 21 days of doxycycline who presented 5.5 years

later with aortic valve endocarditis requiring valve replace-

ment. The second patient was a 53-year-old woman with

acute Q fever who received 21 days of doxycycline and

presented 2 months later with fever, mitral valve prolapse,

mitral valve vegetations, and a positive serum Coxiella PCR.

The third case was a 50-year-old male treated with 21 days

of doxycycline, with a normal transthoracic echocardiogra-

phy (TTE) at that time. Seven months later, a workup for

fever showed trivial mitral valve insufficiency, a mitral valve

vegetation, and an elevated Q fever phase I IgG titer

(1:1600). Based on these 3 cases, the authors advocated a

screening TTE for patients with acute Q fever in order to

detect pre-existing valvulopathies that might be risk factors

for endocarditis.

In 2007, Landais et al8 reported the serological evolution

from acute Q fever to endocarditis in 22 patients (14 men and

8 women) with a median lag time of 3 months. The mean age

was 60 years (range, 44–76 years). Seventeen (77.2%) had

known cardiovascular abnormalities, and 5 patients had no

known valvulopathy (3 of these patients were previously

reported).37 Of 17 patients with pre-existing valvulopathy,

12 (70.5%) had pre-existing valvular insufficiency,

2 (11.7%) had prosthetic valves, 1 (5.8%) had mitral valve

prolapse, and 2 (11.7%) had valvular stenosis. The diagnosis

of endocarditis (by modified Duke criteria) in this case series

was definite in 5 patients (22.7%) and only possible in

17 patients (77.2%). Based on this data, the investigators

strengthened the previous recommendation for performing a

screening TTE on all patients with acute Q fever. They fur-

ther recommended 12 months of prophylactic therapy with

doxycycline and HCQ for patients with acute Q fever and any

level of valvulopathy (including “trivial” or “mild” valve

regurgitation and mitral valve prolapse) to prevent infective

endocarditis.8,29,37 The authors recommended all patients

have serologic follow-up at 3 and 6 months, and a TEE as

well as C. burnetii PCR from a blood sample if a phase I

IgG rises above ³1:800. The authors suggested that, if either

test is abnormal, the patient receives treatment for at least

18 months with doxycycline and HCQ. For patients with a

phase I IgG titer which remains <1:800 at 6 months, no

further serologic follow-up is required.8 These recommenda-

tions were largely untested in other populations, but given

lack of available evidence were incorporated into the initial,

unpublished AFIDS Q fever guidelines disseminated to mili-

tary physicians. Additionally, these recommendations were

published in other venues as the standard approach to patients

diagnosed with Q fever.38

A recently published study on 510 collegiate athletes under-

going sports screening showed that all major valve abnormal-

ities (bicuspid aortic valve, pulmonic stenosis, and mitral valve

prolapse) were identified on physical exam.39 This data sug-

gest that TTE is not required to screen for these cardiac abnor-

malities as a skilled physician can detect valvulopathies which

might predispose patients to chronic Q fever.

As mild mitral regurgitation may be seen in as many as

10% of healthy, young adults,40 the recommendation to

administer 12 months of doxycycline and high dose HCQ to

all patients with acute Q fever and mild mitral regurgitation

would likely produce more iatrogenic harm than benefit. The

absolute risk of developing chronic Q fever in patients with

“trivial,” “trace,” or “mild” valvular regurgitation detected

on echocardiography is not known, but the risk is believed to

be low.21,30,41,42 Data from the Netherlands, Taiwan, France

and the U.S. military cohort discussed below do not sup-

port screening echocardiography on all patients with acute

Q fever. Instead, we suggest a more pragmatic approach of

performing TTE only on patients with significant murmurs

detected on physical exam or on patients with a history

of valvulopathy.

Serological and Clinical Follow-up

In 2010, two different groups of investigators published

data using the commercially available Focus Diagnostics
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Q fever IFA instead of the IFA used by the French NRC.

Analyzing the recent outbreak in Taiwan, investigators pro-

spectively utilized the Focus IFA, but applied the French

NRC IFA phase I IgG titer cutoff of ³1:800 for a diagnosis

of chronic infection. A total of 120 consented subjects who

had experienced acute Q fever were studied.21 In the first

cohort of 92 persons (infected in 2004–2007), 17 (18%) had

serologic profiles suggestive of chronic Q fever (titers of

phase I IgG of 1:1280 to 1:5120) after a median follow-up

period of 606.5 days. After a further follow-up period

(median 592 days) exclusively for those 17 subjects, sero-

logical resolution with four-fold decrease of titers of phase I

IgG was noted in only 5 (29%). In the second cohort of

28 patients acutely infected in 2009, only 1 (4%) had high

levels of phase I IgG 180 days after acute Q fever. All

18 subjects from both time periods with high phase I IgG titers

in this report were asymptomatic and had negative serum

PCR testing. None of the 120 patients followed developed

chronic Q fever. These investigators chose continued sero-

logical and clinical monitoring as the rational strategy for

patients with high levels of phase I IgG who were “asymp-

tomatic or with vague discomforts.”21 They concluded that a

phase I IgG titer ³1:800 alone should not be used to diagnose

chronic infection. A recommendation for duration of follow-

up was not provided by this study as only 5 of the 18 patients

demonstrated serological resolution (four-fold decrease in the

phase I IgG titer) during the 592 days of follow-up.21

A study from the Netherlands that followed 686 patients

with acute Q fever not only supported the use of clinical

symptoms to guide treatment decisions but called into ques-

tion the Phase I IgG titer cutoff of 1:800.28 Eleven cases of

chronic disease, defined as meeting two of three of the fol-

lowing criteria: Phase I IgG titer ³ 1:1024, a positive PCR at

least 3 months after the acute infection, or clinical or radio-

logical signs supporting chronic Q fever were identified. Six

of these patients had known risk factors for chronic disease.

Thirty-five patients (5%) had serological evidence of chronic

disease (IgG phase I titer ³1:1024) but without clinical signs
of disease. A Phase I IgG titer of 1:1024 at 6 months had the

best sensitivity (89%) and positive predictive value (16%) for

confirmed chronic disease. High titers (phase I titer ³1:1024)
at 3 months were not predictive of chronic disease (positive

predictive value 4%). Given the overall poor positive pre-

dictive values of the serological cutoffs for the detection of

chronic Q fever, the authors recommended that the decision

to diagnose and treat chronic Q fever should be “based pri-

marily on clinical grounds.” Based on a detailed description

of titers over time, they recommended serological follow-up

of acute Q fever cases at 3 and 9 months for patients with and

without risk factors, respectively.

Especially noteworthy is an article published from the

French NRC in 2011 that suggested that the 1:800 antibody

titer should no longer be used because its positive predic-

tive value was only 37%.36 The authors reviewed 3,723 cases

referred to the French NRC from 1985 to 2009. They

reported on the positive predictive values at different cutoffs

and concluded that the phase I IgG titer cutoff should be

increased to ³1:1,600. However, the positive predictive value
at this cutoff was only 59%.

Another report from France cautioned the use of serologi-

cal values alone in determining the presence of chronic infec-

tion. They retrospectively reported on 35 patients diagnosed

with chronic Q fever and noted that 23 (66%) of the patients

were asymptomatic. Nine of these patients had not been

treated yet were healthy. The authors concluded that PCR of

the blood for C. burnetii and clinical symptoms should guide

decision making rather than serology results.43

Following the Q fever outbreak in the Netherlands in 2007,

Limonard et al30 performed complete history and physical

examinations at 6 and 12 months after the initial day of illness

following a single baseline screening TTE. Serial serologic

testing utilizing the Focus Diagnostics IFA was performed at

baseline and at 3, 6, and 12 months. The mean age of this

Q fever cohort of 85 patients was 49 years (range 18-80), and

persistent symptoms after acute Q fever were reported by 59%

and 30% at 6 and 12 months follow-up, respectively. These

investigators observed an increase in both phase I and phase II

IgG titers at 3 months with a subsequent decrease over the

next 9 months. Screening echocardiography was done for

66 (78%) of the 85 Q fever patients. Structural cardiac abnor-

malities and valvular defects were classified according to

the American Society of Echocardiography guidelines,44–47

which define major (or clinically significant) valvulopathies

as moderate and severe regurgitation or stenosis of the mitral

and/or aortic valve. Minor valvulopathies are defined as trace

or mild regurgitation or stenosis of the mitral and/or aortic

valve, a bicuspid aortic valve and mitral valve prolapse with-

out significant accompanying stenosis or regurgitation. Based

on these definitions, cardiac valvulopathy was present in 39

(59%) patients, 5 of whom had a major or clinically significant

(moderate or severe) valvulopathy. None of the 85 patients

developed chronic Q fever.30 Phase I IgG titers equal to or

greater than 1:800 were found in 7/85 (8%) at time of diagno-

sis, in 21/85 (25%) at 3 months, in 13/85 (15%) at 6 months,

and in only 2/85 (2%) at 12 months. The investigators noted

that “although at the various time-points of follow-up there

were patients with a phase I IgG titer of 1:1,024 or higher,

suggesting chronic Q fever, none of these patients developed a

clinical picture compatible with chronic Q fever.”30 These

investigators noted that the cutoff value of ³1:800 is based on

a single-center experience using a laboratory developed IFA

test and that studies are needed to compare commercially

available assays with the French NRC IFA. This report noted

that the absolute risk of developing chronic Q fever in patients

with minor valvulopathies is unknown and that the limited

number of patients in their study did not allow the determina-

tion of this risk. However, it is likely that the absolute risk is

small enough to preclude the necessity of a screening TTE and
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to defer prolonged prophylactic antibiotic treatment unless

closely monitored serologic and clinical follow-up suggests

chronic infection.30 Based on this study, screening echocar-

diography is no longer performed as part of the standard

evaluation of Q fever patients in the Netherlands.30 Instead,

close clinical and serological monitoring is performed for a

period of 1 year (at 3, 6, and 12 months) and only when

serological and/or clinical signs of chronic disease appear is

further investigation using PCR and echocardiography under-

taken. Furthermore, in patients with known, pre-existing risk

factors for chronic disease, including cardiac valvulopathy,

decisions regarding follow-up and prophylactic antibiotic

treatment are made in each individual case by a multidis-

ciplinary team including a medical microbiologist, an infec-

tious diseases physician, and a cardiologist.30

A preliminary, unpublished analysis of USAPHC sur-

veillance data regarding U.S. military Q fever cases has

found similar serologic and echocardiograph findings as the

Dutch cases. Among these cases, IgG titers have slowly

declined over 2 years and at least 60% appear to have trivial

left-sided valvulopathies identified during baseline echo-

cardiographic screening. (Stephanie Scoville, DrPH, Mark

Johnson, MD, personal communication) The serial serologic

trend of the phase I and phase II IgG levels, combined with a

clinical evaluation of the convalescent patient, has proved

most useful in follow-up of acute Q fever patients.28 Inter-

pretation of serology from different laboratories has revealed

significant inter- and intralaboratory variability that has led

to further difficulty in making definitive serologic diagno-

ses.16 To our knowledge, no incident cases of endocarditis

have occurred.

Currently, the ideal follow-up of patients with acute Q fever

remains undefined. The previous recommendations to perform

serology every 3 months and to perform TEE and Coxiella
PCR on those with Phase I antibody titers ³1:800 are based on

data which has not been validated, as discussed previously.

Therefore, we recommend clinical and serologic follow-up for

patients with acute Q fever, but that only patients exhibiting

clinical signs or symptoms of chronic disease undergo further

evaluation with TEE and PCR (Fig. 1). Given the complexity

of these issues, we suggest that patients with possible chronic

Q fever be referred to an infectious diseases specialist familiar

with the disease.

TREATMENT
The treatment of Q fever depends on the stage of disease

(acute versus chronic). The majority of the data comes

from cohort studies, not randomized controlled trials, limit-

ing the ability to effectively determine the optimal treatments.

The recommendations below are based on expert opinion

of the available studies (Table I). Multiple antibiotics have

activity against C. burnetii, including tetracycline derivatives,

trimethoprim-sulfamethoxazole (TMP-SMX), fluoroquinolones,

and rifampin, but susceptibility testing is not routinely avail-

able.1,48–51 Resistance to doxycycline appears to be rare.51

Recent evidence demonstrated that tigecycline had improved

in vitro activity compared to doxycycline, although it was not

bactericidal and no clinical experience has been reported.52

Treatment of Acute Disease

The treatment of choice for acute Q fever is oral doxycycline

100 mg taken twice a day for 14 days.1,53–55 The only ran-

domized controlled trial for the treatment of Q fever pneu-

monia compared erythromycin and doxycycline.53 Patients

treated with doxycycline resolved their fever 1.5 days faster

than those treated with erythromycin and reported fewer

gastrointestinal side effects.

A subsequent report of 63 cases supported these findings,

demonstrating faster fever resolution with doxycycline than

erythromycin (26 hours versus 98 hours, p = 0.001).56 Another

study from Greece reported outcomes for 113 patients with

acute Q fever. Patients who received doxycycline (2.4 days,

p < 0.05) defervesced faster compared to clarithromycin

(3.3 days).54 Clarithromycin was superior (p < 0.001) to beta-

lactams (6.4 days). A retrospective study of 77 patients from

Croatia showed similar efficacy between moxifloxacin,

clarithromycin, and doxycycline.57 The time to resolution

was not significantly different but favored clarithromycin

(1.9 days) and moxifloxacin (2.2 days) compared to doxy-

cycline (2.4 days).

A recent large retrospective study from the Netherlands

reported treatment outcomes in 438 patients and confirmed

these earlier studies by demonstrating that doxycycline was

the most effective antimicrobial measured in terms of reduc-

ing hospitalization (odds ratio 0.04, 95% confidence interval:

0.01–0.22).55 Moxifloxacin outperformed azithromycin in

this study and may be the preferred second line agent.

Azithromycin was not considered effective therapy and was

used as part of the reference group of antibiotics based on

previous in vitro studies.49

TABLE I. Treatment Recommendations for Q Fever

Acute, Symptomatic Disease

Primary

Doxycycline 100 mg orally twice a day for 14 days

Alternate

Moxifloxacin 400 mg daily for 14 days
aPregnancy: Trimethoprim/sulfamethoxazole (160/800 mg) DS twice

a day until delivery
aChronic Disease (Endocarditis, Vascular Infection, Osteomyelitis)

Doxycycline 100 mg twice a day plus HCQ 200 mg three times a day

for 18 months minimum

Duration based on clinical response and underlying condition/

valvular defect

Pregnancy: Trimethoprim/sulfamethoxazole DS twice a day until

delivery (duration of pregnancy then consider change to

doxycycline and HCQ)

aPregnant patients and those with chronic disease should be managed only in

conjunction with infectious diseases specialist familiar with Q fever.
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Treatment appears to be most effective when given early

in the disease course, but some patients respond even after

having been febrile for a week or longer.38,55 Treatment is

not beneficial and should not be given after the symptoms

of acute infection have resolved. Fluoroquinolones and

macrolides (clarithromycin > azithromycin) are alternatives

for patients unable to tolerate doxycycline.1,55–58

Treatment During Pregnancy

Pregnant women or children with acute, symptomatic Q fever

should be treated with TMP-SMX because of the potential

adverse effects of doxycycline and fluoroquinolones. The

largest study to date examined TMP-SMX in 53 pregnant

patients.59 Sixteen patients who received TMP-SMX for at

least 5 weeks during pregnancy were compared to 37 patients

who did not. Women treated with TMP-SMX had decreased

maternal chronic Q fever (p = 0.001), placental infection

(p = 0.038), and obstetric complications (p = 0.009).59 The

authors recommended that pregnant women be maintained on

TMP-SMX (320/1600 mg) until delivery and that treatment

for more than 35 days obviated the need for treatment

postdelivery. The risk of neonatal hyperbilirubinemia needs

to be considered when using TMP-SMX, and thus treatment

should be discussed with a Q fever expert. Importantly, a

recent study from the Netherlands reported on 1174 pregnant

women recorded in the Netherlands Perinatal Registry and

there was no increased risk of adverse outcomes in those

with a positive Q fever serology.60 An ongoing study in the

Netherlands is hoping to provide a more definitive answer to

the risk of Q fever during pregnancy.61

Treatment of Chronic Disease

Treatment of Endocarditis

A full review of the treatment of Q fever endocarditis is

beyond the scope of this guideline. Given the complexity

and lack of evidenced based trials, Q fever endocarditis is

best managed in conjunction with a specialist. An overview

of the treatment is provided below (Table I), but it should be

emphasized that the treatment of these patients must be indi-

vidualized based on disease severity, underlying immune and

valvular status, and response to treatment. Depending on the

severity of the infection, surgical excision and valve replace-

ment should be considered. The determination for surgery

should be based on the patient’s clinical condition and hemo-

dynamic status, and not Q fever titers. Surgery is not always

necessary to cure the infection.27 Clinical responsiveness is

often based on improvement in clinical symptoms and a sero-

logical resolution. A four-fold decrease in the phase I IgG

and IgA titers and the disappearance of phase II IgM at 1 year

have been suggested as evidence of cure.27

Multiple regimens of antibiotics have been used in attempts

to treat Q fever endocarditis42; however, doxycycline plus

HCQ have become the standard of care given their ability to

confer bactericidal activity.62 A trial comparing doxycycline

plus a fluoroquinolone (n = 14) versus doxycycline plus

HCQ (n = 21) demonstrated that the latter treatment was

associated with shorter treatment durations (24 months) and

fewer relapses.63 There were no differences in mortality, need

for valve surgery, or tolerance to the regimens. A larger

follow-on study reported that the failure to add HCQ was

associated with decreased serological responsiveness to treat-

ment.27 The same study demonstrated that failure to treat for

18 months resulted in more relapses. The current treatment

recommendation for native valve and prosthetic valve Q fever

endocarditis is to administer therapy for 18 or 24 months,

respectively.27 Obtaining doxycycline serum levels to monitor

treatment may be useful, but clinical experience is limited and

it is not routinely recommended.64,65

Some experts recommend serological follow-up for

patients with Q fever endocarditis, although the exact length

of monitoring is unknown. Million et al recommended peri-

odic serological testing over 5 years, although some have

advocated life-long monitoring.27,66 A recent study from Spain

showed the resolution of phase I IgG titers to <1:400 did not

predict treatment outcomes.67 Based on the available data and

lack of other objective measurements, we suggest that patients

with proven Q fever endocarditis have periodic serological

testing for 5 years. Patients without an appropriate fall in titers

should be followed longer on an individualized basis.

Treatment for Osteomyelitis and Vascular Infections

The treatment of other forms of chronic Q fever (including

vascular infections and osteomyelitis) is not well studied and

is based mainly on case reports or case series. Management

decisions are best made on an individual basis, and these cases

should be discussed with an expert on Q fever. Treatment for

osteoarticular infections often involves surgical debridement

and prolonged therapy (18 months) with doxycycline and

HCQ.68 Vascular graft or aortic aneurysm infections are

extremely rare.69 Patients receiving surgical treatment in con-

junction with prolonged HCQ and doxycycline may have

better outcomes.69

RISK OF HCQ THERAPY
The risks of therapy must be weighed when considering using

HCQ as part of a prophylactic approach to prevention and

treatment of Q fever.8 Irreversible retinal toxicity from HCQ

is rare; however, the risk dramatically increases after 5 years

of use or a cumulative dose of 1000 g.70 Treatment durations

for Q fever are comparatively much shorter than the dura-

tions used for rheumatologic diseases, although it should

be noted that the recommended dose for Q fever (600 mg

per day) is above the usual dose of 400 mg daily prescribed

for connective tissue diseases. Given the potential toxicity,

the American Academy of Ophthalmology recommends a

baseline eye exam followed by annual screening exams after

5 years. For those at high risk, annual exams should begin

sooner. Patients at higher risk include those taking a daily

dosage >6.5 mg/kg/day of HCQ, increased length of usage,
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or medical status. Visual field (10-2 automated) testing

should be combined with at least one of a group of newer,

more sensitive tests, to include multifocal electroretinogram,

spectral domain optical coherence tomography, and fundus

autofluorescence. Based on the available data and inexperience

with the higher dose of HCQ used in Q fever patients, the

following screening is recommended: retinal exams should

be done at baseline and repeated yearly while patients are

taking 600 mg of HCQ per day.

SUMMARY
The body of literature regarding Q fever, particularly the

laboratory diagnosis and appropriate follow-up and prevention

strategies, has evolved significantly over the past 5 years

in part because of the data generated from the recent

Dutch outbreak. The approach advocated in these guidelines

consolidates this literature and provides a practical approach

for providers within the military health system.
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